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FOREWORD
Biologists and soil scientists have long regretted the near impossibility of making nondestructive studies of plant roots, their development, and their interactions with the soil and with other organisms living in the soil. Now, with the minirhizotron, such studies can be made. Geneticists can compare root development of genetically diverse cultivars and look for associations with drought tolerance, time of infection with root pathogens, or for simple differences in rooting depth and root volume. Soil scientists can study root growth under different soil conditions, on different soil types, or at various levels in the soil profile. Entomologists and nematologists can observe the effects of their organism of choice on plant roots.
The technology that culminated in today's minirhizotron observation tubes began its development in 1937. Glass tubes, made by joining the chimneys of oil lamps, and mirrors were used to observe root growth in the soil. Minirhizotron technology became broadly useful to scientists with varied interests since about 1980, when miniature television cameras became available for insertion into the tubes.
The attractive advantage of the minirhizotron is that it allows examination of roots and their interaction with the surrounding natural environment (biotic and abiotic) in a relatively nondestructive way. More importantly, it allows observation over time. Practitioners will continue to devise uses for this new technology as minirhizotrons become more commonplace and as knowledge of their utility spreads among biologists and soil scientists worldwide.
We want to extend our thanks to the members of the committee that organized the symposium on this topic at the 1986 annual ASA meeting. We also thank those individuals who were responsible for final development of this publication. 
PREFACE
Plant shoots and roots are mutually dependent in their growth processes. Leaves of the shoots capture photosynthetically active radiation and carbon dioxide. The shoots export part of the products of photosynthesis to the roots. In return, roots absorb water and nutrients, most of which are exported to the shoots. The efficiencies with which photosynthetically active radiation, carbon dioxide, water, and nutrients are absorbed depends on morphology and microenvironment of the plant. Generally, it has been much cheaper and easier to study the shoot and its environment than the roots and their environment.
The minirhizotron root observation tube systems have the potential to substantially decrease the cost of studying root system dynamics while increasing the ease with which meaningful studies can be conducted. An organizing committee coordinated a symposium on minirhizotron observation systems for the 1986 annual meeting of the American Society of Agronomy. The committee included the following individuals: J.E. Box, Jr., chair, and W.L. Bland, D.A. Brown, D.C. Coleman, A.J.M. Smucker, R. Snider, and D.R. Upchurch, members. The symposium was sponsored by Divisions S-6, S-I, C-2, C-3, and C-S.
This publication, Minirhizotron Observation Tubes: Methods and Applications for Measuring Rhizosphere Dynamics, is the written version of most of the papers presented at that symposium. Some authors presented papers on rhizosphere dynamics using techniques other than minirhizotrons; most of these papers are not included in this publication. One paper, by J. Vos and J. Groenwald, was not presented but is included here because of its relevance and utility.
We are grateful for the conscientious efforts of the authors in preparing their papers. The publication should prove helpful in furthering the study of root systems and rhizosphere dynamics. 
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To convert Column I into Column 2, multiply by 10 9.73 X 10-3 9.81 X 
